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INTRODUCTION. 

The present paper the first series that deal with 
the relation fishes ions the natural environments. 
purposed point out some the close correlations which 
exist between the physiology fishes and their behavior, and 
present evidence concerning the importance such corre- 
lations biological investigation general. The data pre- 
sented the following pages deal with the reactions and re- 
sistance fresh water fishes acidity, neutrality and alkalinity; 
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the discussion the data shows that the phenomena outlined 
receive much support from the work other investigators and 
that the environmental factors which are important fresh 
water fishes are probably importance many, not all, 
other organisms well. 

The investigation has been carried the University 
Illinois, Professor Shelford’s laboratory. The work 
has been done connection with another line inquiry regarding 
the reactions and resistance fishes salts. The results 
this second investigation will appear the second paper 
the series. 

APPARATUS AND METHODS. 


Two general types experiments have been run, namely, 
reaction experiments, and resistance experiments. 


REACTION 


This method experimentation was devised Shelford 
and Allee and may designated the gradient method.” 
brief the procedure follows: solution gradient es- 
tablished observation tank, the fish introduced, and its 
movements graphed. The graph, together with notes taken 
the time, makes the experimental record. Fig. shows 
the type tank used. similar tank was used Shelford 
and Powers their experiments with marine fishes. 
black hood screens the tank, the movements the fishes being 
viewed through slits the front the hood. 

The tank has plate glass front and lighted symmetrical 
lights placed above. plate-glass cover fits into the top and 
rests against the surface the water. This cover useful 
experiments with gaseous gradients lessens the vertical 
gradient due escape gas the surface. 

The water flows into the tank through the openings (inlets) 
the ends, then toward the middle; the middle the water from 
the two ends mixes, the water from each end drifting somewhat 
past the middle, thus forming the gradient. The water flows 
out through the exits (outlets) the bottom and the top 
the tank. experiment consists first establishing the grad- 
ient, and then introducing the fish and graphing its movements. 
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establishing the gradient the flow each end the tank was 


lly all the experiments. 
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constant using aspirator bottle Fig. B). 
This bottle was filled with treated water, corked the top and 
placed the jar (J). The water was siphoned from and the 
pressure was constant the solution escaped from when 
the level began fallin The strength the solution the 
aspirator bottle was always five times that desired the treated 
water end the tank. 

The following variations the simple graphing method 
recording were used Shelford and Allee and have been intro- 
duced here. (1) experiments where the fish was decidedly 
inactive and remained one end the tank, was driven into 
the opposite end with rubber-tipped glass rod. The driving 
was done regular intervals and was repeated similar in- 
tervals the controls. Dotted lines the graphs indicate that 
the fish was driven. Experiments this sort were few num- 
ber and have for the most part been thrown out. some ex- 
periments, however, the fishes were active and yet remained 
constantly one end the tank. Driving was again resorted 
to, some cases, make sure that the selection the given 
end was reaction the gradient. return the original 
end would indicate this the case. (2) number ex- 
periments was performed with small fishes the tank 
the same time. These experiments were recorded readings 
taken seconds apart. The readings indicate per cent. 
fishes each third the tank the time reading. (3) 
Usually the fishes were not placed the tank until the flow 
the ends had been going for some time. Thus gradient was 
before the fishes were introduced. some cases, 
however, the fishes were either left the tank when the ends 
were reversed, introduced before gradient had formed. The 
results these experiments not differ from the others ex- 
cept per cent. time spent the thirds the tank. 

The controls were blank experiments, run with untreated 
water flowing both ends, with flow either end. 
Experiments with the treated water first one end and then 
the other, also served controls. 

The gradient was determined simple titration with stan- 
dard acid alkali, using phenolphthalein methyl orange 
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(or both) indicator. The samples were collected means 
pipette inserted given level below the surface, and the 
titrations were always made once, with much care seemed 
necessary. For instance samples containing high concen- 
tration CO, need titrated with rapidity, while samples 
containing KOH may titrated without haste. 


EXPERIMENTS. 


The procedure the resistance experiments was very simple 
most cases. general the desired solutions were made from 
standard solutions the acid alkali (measured from burettes) 
and the fishes introduced. Temperature was controlled 
setting the jars containing the solutions, running tap water. 
the experiment proceeded, samples for testing were with- 
drawn when necessary, and the same amount water was re- 
moved from the control. General controls were kept running 
throughout the entire time, while numerous temporary controls 
were set demanded individual experiments. 

The species fishes used principally, have been the blue-gill 
(Lepomis white crappie (Pomoxis annularis), green 
spotted sun-fish (Lepomis cyanellus), and bull-head (Ameiurus 
melas). Most the fishes were caught (by seining) the small 
streams the vicinity the university (the crappie came from 
small artificial lake); all were brought into the laboratory 
with little handling possible, and placed once large 
aquaria. They from day day but fishes not 
always eat well confinement and time went they became 
more less starved. The changes the reactions fishes, 
which accompany starvation have been investigated and will 
discussed another paper. 

The chemicals used have been the chemically pure prepara- 
tions Kahlbaum the analyzed preparations Baker. 


THE WATER. 


investigation the reactions fishes salts solution 
was begun Chicago 1912, the suggestion Dr. Shelford, 
the fall 1914 Dr. Shelford left Chicago take position 
the University Illinois and the writer accompanied him 
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continue the work his laboratory that place. The differ- 
ences the water supply the two institutions brought 
number new questions regarding the reactions the fishes, 
and was decided that continue the investigation satisfac- 
torily, more must known the effects acid and alkaline 
water upon fishes and their reactions. This second investigation 
was therefore taken and the results are published advance 
those with the salts, since they bear directly upon the inter- 
pretation the latter. brief comparison the water the 
two institutions will profitable this point. 

The water Chicago pumped from Lake Michigan and 
analyses show considerably different gaseous and 
solid content from the water Illinois, which comes from deep 
wells. 1912 Allee, who had been working Chicago 
rheotaxis isopods, came bringing with him stock 
animals. his paper compares the waters the 
two institutions, and gives table showing the differences 
the dissolved content. This table inserted here. 


TABLE 


COMPARISON CHEMICAL ANALYSES CHICAGO AND UNIVERSITY ILLINOIS 
Tap 


Analysis solids parts per million, and gases cubic centimeters per liter. 


Chicago Tap. U. of I. Tap. 
0.04 2.3 
Free carbon dioxide, 2.5 18.0 
Half bound 32.5 


Allee states that the change water did not greatly affect 
the rheotactic response the isopods. kept the 
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animals aérated water, which was thus saturated with oxygen 
(5.5 per liter) while the free carbon dioxide was removed. 
aérated sufficiently, the Illinois tap water becomes alkaline 
phenolphthalein, and upon writing Allee with regard 
this matter gives permission state that kept his 
stock isopods such alkaline water for period weeks, 
without increased mortality. points out that the per cent. 
rheotactic response, after large number trials, was per 
cent. less than Chicago but does not know whether not 
regard this significant. 

Table shows that Illinois water contains c.c. 
per liter and practically oxygen. these conditions 
would alone prove fatal fishes, while the combination would 
doubly fatal (Wells, Since aération removes the CO, and 
the same time saturates with oxygen, was thought that this 
would fit the water for supplying the fish aquaria. water 
came from the tap was therefore run through the aérating pans 
which form part the apparatus described Shelford and 
Allee The device consists series galvanized pans, 
placed one beneath the other. The water runs into the upper 
pan and trickles down through successive pans into galvanized 
tank. From the tank, pipes lead the aquaria. The flow 
into two large aquaria was regulated 500 c.c. per minute for 
each and the fishes were now brought from the nearby streams 
and placed the aquaria rather large numbers. The aquaria 
were ft. ft.; about 300 small fishes were placed each. 
This was overcrowding, but fishes have been kept successfully 
for some time, closer quarters Chicago. 

The immediate mortality the stock was not great. was 
noted that the darters and other more sensitive fishes did not 
live well but the sunfishes, bullheads and minnows seemed 
normal. few days, however, these fishes began die. 
was thought that the water contained too large amount 
carbonates and arrangement was made introduce sulfuric 
acid into the aérated water the galvanized supply tank. 
Enough acid was added convert about one third the carbon- 
ates into sulfates and with some benefit. had been noted the 
experiments that the fishes did not swim about actively 
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usual and that their sensitivity seemed lessened, they 
would swim into factors which they are normally very nega- 
tive. this point that the study the effects acidity, 
etc., was decided upon. 

Tests showed that the water entering the aquaria was practi- 
cally neutral phenolphthalein, varying little from day 
day. determine the effect the neutral water upon the 
fishes, number was taken from the aquaria and placed tubs 
partially aérated tap water (water contained 6-10 c.c. 
After day this water, they began behave 
normally the gradient again. The flow water into the 
aquaria was now modified diminishing the amount aération. 
The tap water was run down wooden trough ft. long, into 
the aquaria. This saturated with oxygen but left decidedly 
acid with From now the mortality the stock 
fishes was very low. The aquaria were not crowded 
first, but that the decrease the number fishes does not ex- 
plain the low mortality, will brought out experiments 
presented later. 

The importance the chemical reaction the water fishes 
had been foreseen (Wells, 337) and was decided that 
the peculiar properties the Illinois water offered excellent 
opportunity for continuing this investigation. the same 
time was thought that the work might perhaps throw some 
light upon number the reactions fishes salts, which 
seemed difficult explain. 

The advantages the water are due the following 
chemical properties: flows from the tap acid phenol- 
phthalein from the excess (18 c.c. per liter) and alkaline 
methyl orange because contains large quantity (101 c.c. 
per liter) bicarbonates solution. The bicarbonates have 
been formed from carbonates according the equation 
and when carbonates are dissolved 
under the influence excess carbonic acid they are practically 
all converted into bicarbonate, the quantity unconverted 
carbonate being negligible (Stieglitz, 246, Seyler, 
105). Under the pressure the water pipes, there exists 
equilibrium between the carbonic acid and the bicarbonates, 
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but when the water flows out the tap, the pressure removed 
and the carbonic acid once begins dissociate into and 
water. The passes off into the air and the dissociation 
the acid continues until equilibrium with the CO, the 
atmosphere established. Parallel with the dissociation 
the carbonic acid there goes increasing tendency for the bicar- 
bonates break form the normal carbonate, and the 
time the acidity from the carbonic acid has diminished ap- 
proximate neutrality, the bicarbonates are producing sufficient 
quantity the normal carbonate give the water alkaline 
reaction phenolphthalein. Thus regulating the amount 
aération, the water can left acid, made neutral even al- 
kaline. 

Biologists speak the carbonates, bicarbonates, and car- 
bonic acid, fixed, half bound and free COs, respectively. The 
fixed that existing simple carbonates, the half bound that 
necessary convert the carbonates into bicarbonates, and the 
free that remaining excess (Seyler, 104). will 
seen that the bicarbonates contain both fixed and half bound 
COs, e., which become half bound added 
that already fixed, form the bicarbonates. Failure 
recognize this fact often leads confusion when these terms 
are used. 

The amounts the three kinds CO, can determined 
accurately titration, using two indicators, phenolphthalein 
and methyl orange. Methyl orange unaffected 
and hence the bases present carbonates bicarbonates can 
once titrated with acid. Carbonates are alkaline phe- 
nolphthalein, bicarbonates are neutral, and free acid. 
carbonate titrated with acid, therefore, becomes neutral 
phenolphthalein (if titrated under conditions which prevent 
loss when the carbonates have all been converted into 
bicarbonates. 


Methyl orange not affected because this acid 
does not produce high enough concentration ion. The 
indicator however very sensitive ion and reacts the 
minute amounts that are present bicarbonate solution. 
Phenolphthalein, the other hand, very sensitive ion 
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but not ion. therefore gives acid reaction with 
CO, but unaffected the minute amount ion which 
present solutions Methyl orange will 
give alkaline reaction water which the concentration 
ion considerably greater than that ion. Thus, 
the presence titration with this indicator not 
determination true alkalinity for the water matter 
fact acid, since contains higher concentration than 
ions. Marsh makes this error when states (p. 337) 
that reaction water which will support fish life must 
slightly determinations were made with sulfuric 
acid, using methyl orange indicator. water which 
refers (‘‘Potomac service water’’) was all probability acid 
phenolphthalein. Marsh also states that “when the water 
becomes even slightly acid, fishes cannot live This 
would mean that fishes can not live water which has been 
made slightly acid methyl orange the addition acid. 
have added sulfuric acid tap water until gave acid 
reaction methyl orange, and find that fishes live well 
the original tap water, e., normally. The fishes should 
not placed such water until some little time after the adding 
the sulfuric acid, however, for the process changing the 
carbonates sulfates, large amount carbonic acid liberated 
CaSO, and until this carbonic 
acid has dissociated and the CO, passed off into the atmosphere 
large degree, its presence will kill fishes which may in- 
troduced. The amount carbonic acid formed will depend 
upon the amount carbonates the water. (The reaction 
with bicarbonates will give the same result.) 

the following pages shall introduce experimental data 
show that fresh water fishes cannot live normally water that 
alkaline but that they require certain degree acidity 
carry their normal activities. 

Noyes gives table (p. 388) showing the acidity alkalinity solutions 
the change color for various indicators. Methyl orange gives alkaline 


reaction when the concentration only while phenolphthalein not 


affected until the concentration ion reaches Methyl orange gives 


acid reaction when the ion concentration while phenolphthalein reacts 
when the ion concentration only little more than 
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IV. PRESENTATION DATA. 
The following experiments show the effect different degrees 
acidity and alkalinity, upon the reactions and longevity 
fresh water fishes. 


FISHES ACIDITY AND ALKALINITY. 
Reaction Acids. 


(a) Carbonic number experiments was run 
determine the reactions the fishes this acid. Three 
degrees acidity were used for the most part: (1) Neutral, 
very faintly acid (aérated water) (2) moderately acid c.c. 
per liter; obtained using half and half mixture and 
3); (3) strongly acid water (unaérated tap; c.c. per liter). 

(1) Moderately Acid Water vs. Strongly Acid Water (Graph 
Chart fishes selected the lower acidity with much 
precision. They also spent much time the surface, 
characteristic when the concentration high. 

(2) Slightly Acid vs. Moderately Acid Water (Graph Chart I.). 
fishes were left the tank, and the flow altered that the 
moderately acid water ran into the end that had previously been 
strongly acid and neutral water was run into the opposite end. 
The fishes were graphed after five minutes. They definitely se- 
lected the end the tank into which the neutral water was 
flowing. Test showed this end contain c.c. CO, per 
Seven experiments with this combination were run and all gave 
similar results. Variations were due specific and size dif- 
ferences. The larger fishes and the crappies and green spotted 
sunfishes selected somewhat higher acidity than the smaller 
fishes, especially the blue-gills. 

(3) per Liter vs. per Liter (Graph Chart I).— 
The concentrations were obtained regulating the 
amounts aérated and unaérated water. Six experiments were 
run. The bullheads and blue-gills selected the lower concen- 
tration with precision, while the sunfishes and crappies chose 
the higher end with much definiteness. Thus, was seen 
(2), the species differ the optimum CO, concentration 
which they select this time The difference 


Because the fact that the resistance fishes varies with the season (Wells, 
very probable that the CO: concentration selected given species will 
show seasonal variations also. This point yet investigated. 
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specific reaction may part matter size, the crappies 
and sunfishes averaged larger than the blue-gills. Small sun- 
fishes were, however, found less sensitive than were 
blue-gills the same size. this case the reaction correlated 
with resistance the sunfishes are more resistant than the blue- 
gills. The bullheads, however, are perhaps the most resistant 
our fresh water fishes yet they are very sensitive 
The sensitiveness the bullheads probably related the 
peculiarity their integument which (Herrick, has chemical 
perceptors scattered over its entire surface. 

far the fishes had for the most part selected the end the 
tank containing the largest proportion neutral water, e., 
the lowest acidity. ascertain definitely the reactions the 
neutral water, the following experiments were performed. 

(4) Slightly Acid c.c. per Liter) vs. Neutral 
The slightly acid water was obtained partially aérating the 
water which flowed into one end. This was done running 
through galvanized tank which was part another piece 
apparatus. The gradient tested practical neutrality one 
end, and slight acidity the other. The fishes definitely se- 
lected the end containing the and were thus negative 
the neutral water. 

(b) Reactions Sulfuric should pointed out 
that experiments where other acids than are added 
water, which contains bicarbonates, are open misinterpre- 
tation attempt made compare the reactions the 
animals the acids, this way. The addition strong 
mineral acid such water does not result the presence 
hydrogen ion concentration from the mineral acid itself, until 
all the bicarbonates have been decomposed e., changed 
sulfates, etc.) or, other words, not until the water has become 
acid methyl orange. The reaction double decomposition, 
completed, the chief result adding the mineral acid 
will increase temporarily the concentration carbonic 
acid liberating the fixed and half bound The concen- 
tration ion from this weakly ionized acid will but small 
per cent. that which would have been obtained from the min- 
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eral acid itself; yet this will the only hydrogen ion supply 
until the bicarbonates have all been changed sulfate (if 
sulfuric acid the mineral acid used). The tap water 
bicarbonates one liter water while the Chicago water re- 
quires about third According the above equation 
one molecule the acid liberates molecules There- 
fore c.c. acid will liberate 210 c.c. Powers: 
did not take this reaction into account and speaks com- 
paring the reactions crayfishes gradients HCl and 
matter fact the amounts which added the 
Chicago tap water were probably used neutralizing the 
bicarbonates. Thus all his gradients were with carbonic acid, 
and the differences which gets are due the liberation 
this acid excess, the reaction the and the bicar- 
bonates. 

(1) Neutralize all Bicarbonates vs. Neutral Water.— 
The CO, liberated this gradient made the water acid that 
the fishes were soon overcome, and died not removed from the 
tank. However first they gave decidedly negative reaction 
the acid end. 

(2) Liberate c.c. per Liter vs. Neutral Water.— 
The fishes reacted much they did gradients aérated 
vs. unaérated water. They were very negative the acid 
end. 

(3) Liberate c.c. per Liter vs. Neutral Water 
(Graphs and Chart experiments this sort 
were run. the graphs, show that the fishes spent 
per cent. the time the acid half the tank; show more 
than per cent. the time this half and (small blue-gill) 
shows per cent. preference for the neutral end. That the 
fishes are negative neutral water thus confirmed. 
ascertain the chemical reaction the water the point the 
tank where the fishes turned back from the neutral end, numerous 
samples were titrated from this region, during the experiment. 
They showed that the water this point contained about c.c. 


per liter. The graphs shown Chart are typical for 
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Bisegill. ~ 3Juegill. | Bluegilland | 3ull-head. 
Bluegi Bull-head Crappie Bluegi 


Showing the reactions the fishes different degrees acidity. The gradient 
between the two kinds water, indicated the top each graph. 
the left the chart indicate time minutes. Strongly acid c.c. per 
liter; moderately acid c.c. per liter; slightly acid 2-3 per liter; 
and neutral water actual neutrality per liter. Dotted lines indicate 
that fish was driven. 


(c) Reaction Distilled distilled water, 
which was available quantity from the chemistry department, 
was not rapidly toxic the fishes and since the foregoing results 
are some general biological importance, was decided repeat 
the experiments distilled water. water was faintly acid 
addition strong acid resulted nocomplications such those 
discussed the case the tap water. experiments 
was performed with various strengths acid and alkali. The 
neutral portion the tank was kept track means titra- 
tions and the reactions the fishes this neutral region es- 
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pecially noted. The results are presented Table brief 
they are follows. The fishes spent practically all the time 
the acid portion the tank, turning back from the alkaline end 
point just the acid side neutrality. They did not, how- 
ever, select the highest acidity available, but swam back and 
forth the tank between neutrality the one hand and about 
the other. The small amount present 
the distilled water may neglected the presence the 
much more ionized acid. the range dilution used these 
experiments, carbonic acid would have about 1,400 times 


concentrated sulfuric acid, give equal concentration 
ion. 


TABLE II. 
SHOWING THE REACTIONS FISHES ACIDITY AND ALKALINITY DISTILLED 
WATER. 
Acid 
Used. Concentration. Reaction. 

H:COs .00004 Negative: choose higher acidity. 

Positive: some fishes choose this concentra- 
tration preference either higher 
lower acidity. 

.0002 Still very negative. 

.00005 Positive when neutral water the other 


choice. 


The fishes used did not select alkaline water any case except 
when the only other choice was neutrality. Then they spent 
most the time the alkaline side, rather than the neutral 
point. 

Reactions Alkalies. 

(a) Alkalies Neutral Water. (1) Neutral 
Water vs. Neutral experiments were run with this 
combination. The results were rather indefinite. However, the 
graphs whole show slight preference for the alkaline half 
the tank. has been pointed out already, the fishes are nega- 
tive the neutral water, and these experiments confirm this 
reaction, even though the only other choice alkalinity. 

Alkalies Strongly Acid this water which 
acid with CO, (18 c.c. per liter), the first action the alkali 
will neutralize the acid. Thus small amount alkali 
introduced one end will simply produce acid gradient 


them turn their sides after hour more. 
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lessening the acidity thisend. c.c. CO, equals 
.0008 solution. most cases, the concentrations alkali 
used have been much greater than this and the amount used 
neutralizing the acid may looked upon negligible. 
some experiments, cited, the acid factor much impor- 
tance. 

(1) Strongly Acid Water vs. Strongly 
Acid Water (Graph Chart fishes stayed the middle 
the tank, coming the surface very little. The gradient 
was acid one end and alkaline the other. Titrations showed 
that the fishes spent most the time the acid side neutrality. 

(2) Strongly Acid Water vs. Strongly 
Acid Water (Graph Chart II.). Fifteen experiments were run 
with this combination. The graphs show that the fishes spent 
most the time nearer the alkaline end than before, but titra- 
tion showed that they were merely following the neutral point, 
remaining the acid side most the time. 

(3) (.0005N) Strongly Acid Water vs. Strongly 
Acid Water (Graph Chart II.). This concentration alkali 
was just little more than enough neutralize the acid the 
water the alkaline end. The end was really slightly acid, 
however, from the diffusion more acid from the acid end 
the gradient. The fishes moved into the so-called alkaline 
(really slightly acid) end and remained there during the experi- 
ment. This was true for all the fishes used. 

(4) Strongly Acid Water vs. Strongly 
Acid Water.—This salt neutral phenolphthalein has been 
pointed out the preceding discussion. number experi- 
ments, recorded both graphs and readings short intervals, 
were run with it. The results were not all definite. The 
fishes seemed indifferent this bicarbonate acid water, 
else they were not all stimulated its presence. 

(5) Moderately Acid Water (Made Faintly Alka- 
line) vs. Moderately Acid Water (Graphs Ten 
experiments with this alkali were run, check Shelford and 
Allee’s work with it. say (p. 252) that the fishes 
(Abramis) did not react ammonia concentration which 
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experiments, found also that the fishes not react this 
alkali with the precision found for the other alkalies used. 


I 2 3 4 5 6 


Bull-head. | Sun-fish. Crappie. Bluegill. | Bluegill. 3luegill. 
Control. 
5< 


Showing the reactions the fishes alkalies. The gradient was between the 
two kinds water indicated the top each graph. Strongly acid water 
c.c. per liter; and moderately acid c.c. per liter. Numbers left 
time minutes. 


the first experiments .005 solution was run into one 
end the tank. The fishes selected the middle the tank for 
the most part, though one blue-gill was positive the ammonia 
end. The concentration ion was course very low, 
with small concentration weakly ionized base, and 
since other experiments have shown that blue-gills are less 
negative neutrality than are other fishes, this reaction not 
surprising. The ammonia concentration was raised .o1 
and the fishes, blue-gill included, moved toward the tap-water 
end the tank. Later the concentration the alkali was 
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raised but even now the avoidance the alkali end was 
not nearly definite the experiments with the other alkalies. 
Graphs and (Chart II.) show this indefinite reaction very 
clearly. the .o2 gradient, the fishes were soon overcome 
the toxicity the water, which they selected, and they died 
there not removed. 

The fact that fishes fail recognize ammonia solution 
considerable importance, for this substance being introduced 
into fish waters many kinds sewage. Furthermore will 
shown the second paper this series, that the gas 
has not lost its toxicity even when has been converted into 
its various salts. The chemical explanation the failure 
the fishes recognize and react the presence fatal concen- 
trations the hydrate solution probably due the fact 
that the concentration ammonia gas, reaches fatal con- 
centration before the concentration ion stimulates the 
fishes sufficiently cause them react negatively. They 
not appear react the gas itself. Noyes pp. 203-4) 
states that ammonia dissolves water, part, without chemical 
change and that probable that large part the ammonia 
exists, such, the solution. quotes Moore (’07) cal- 
culating that only per cent. the ammonia exists am- 
monium hydroxide, NH,OH, 20° Noyes thinks that the 
per cent. may even less than this. 

Again, the solution ammonia diffuses through the water 
with great rapidity; much more rapidly than most other 
substances. determine the rate diffusion, little phe- 
nolphthalein was added the aspirator bottle (AB, Fig. 
containing the ammonia solution. The pink solution could 
seen moved through the tank, and less than minute 
had spread over the entire surface, and lesser extent, had 
penetrated the deeper water. Because this rapid diffusion, 
perfect gradient could established with this substance. 
may also noted that ammonia behaves just opposite from 
the salts, the latter spreading along the bottom. the am- 
monia experiments, the fishes seldom approach the surface, 
while strong carbon dioxide gradients, they spend much time 
gulping the surface film. Shelford and Allee 231) state 
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that open tanks the amount CO, the surface markedly 
less than deeper levels. 


Conclusions Drawn from the Reaction Experiments. 


The reaction experiments recorded the previous pages sug- 
gest the following conclusions. (1) Fresh-water fishes are 
negative neutrality favor either slight acidity slight 
alkalinity. Their normal choice slight acidity (about 
gree acidity select water that but 
very slightly acid c.c. per liter, carbonic 
acid) while crappies select concentration from c.c. 
per liter. (3) The principal stimuli which fishes react are 
and ions. They not react ammonia, gas 
solution. 

EXPERIMENTS. 

has been pointed out that the stock fishes did not live 
well the aquaria when these were supplied with water, which 
was neutral, nearly so; determine more exactly the reasons 
for the high mortality, between and experiments were 
performed. Some these experiments lasted through number 
weeks, while others were finished few hours. The fishes 
were placed different concentrations acid and alkali 
partly aérated water (from the aquaria) and distilled water. 


Resistance Acids. 


The resistance fishes carbonic acid has been worked out 
(Wells, and was decided try the effects other acids. 
Ten experiments with sulfuric acid distilled water are sum- 
marized Table III. The table shows that there concentra- 


TABLE III. 
SHOWING THE RESISTANCE FISHES GRAM BLUE-GILLS) DISTILLED 
WATER. 
Concentration of Acid. Dying Time in Hours. 

7.0 

.0002 42.0 

60.0 


.000075 Alive and vigorous end month. 
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tion this acid distilled water, which the fishes question 
live well though tap water. Higher concentrations 
acid are fatal, the time required kill the fishes being propor- 
tional the hydrogen ion concentration. 


Resistance Alkalies. 


gill lived hrs. and min. solution, fish the 
same size was alive the end days. Titration this time 
showed that the water had become acid phenolphthalein from 
the CO, given off the metabolism the fish. The experi- 
ment was discontinued. make sure that the fish the first 
experiment had not been killed the toxic potassium ion, 
another gram blue-gill was placed solution 
distilled water. the beginning, this solution was 
neutral, but was expected that the bicarbonate would dissociate 
and the solution would become slightly alkaline from the 
carbonate thus formed. blank control, containing the same 
amount bicarbonate, but fish, was fish the 
experiment died the third day. Titration showed that the 
water had become alkaline. The control was 
alkaline. Blue-gills therefore not live well water which 
even very slightly alkaline. 


Resistance Neutrality. 


The foregoing experiments, together with many facts recorded 
the literature, suggested the possibility that the fact that 
neutral may have something with the toxicity distilled 
water. Thirteen experiments were performed test this pos- 
sibility preliminary way. The facilities available did not 
make possible experiment with absolutely neutral water, 
but the results obtained are suggestive, neutrality was ap- 
proached very closely some cases. Most the experiments 
were performed with water that came from copper still and 
will referred once-distilled water. few experiments 
were performed with much purer water which was the once- 
distilled water redistilled better still and coming contact 
with little copper. neither kind water could the amount 
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copper have been especially large, however, for small blue-gills 
lived both kinds well tap-water, long the water 
was slightly. acid. 

comparison the conductivities the two kinds water 
showed that the once-distilled had conductivity! 600 1077 
while the conductivity the twice-distilled was only 
These conductivities are for 25° The conductivity the 
water probably does not indicate the amount copper present 
however for the metal all likelihood present the col- 
loidal state. Mengarini and Scala (’12) have shown that num- 
ber metals, including copper, form colloidal solution with 
distilled water even room temperature, and especially 
the absence air. The conditions still would especially 
favorable for the reaction, since the temperature high and 
air excluded. 

The addition acid colloidal solution would tend 
precipitate the colloid, and this undoubtedly explains part 
the effect addition acid making distilled water less 
toxic,? will shown that does. Since, however, has 
been shown (Bullot, that distilled water which contains 
copper still toxic organisms, other factors must con- 
cerned. the experiments presented the present 
paper, indicates that the neutrality the water one these 
factors. 

has been suggested the preceding pages that the blue- 
gills and crappies differ respect the hydrogen ion concen- 
tration which they select and their resistance the distilled 
water bears out this point the crappies die day 
so, while the blue-gills live indefinitely. 

(1) Experiments with Once-distilled Water—This water was 
slightly acid phenolphthalein and was neutral methyl 
orange. Its toxicity was .tested placing fishes jars 
containing liter the water. 12-gram crappie died this 


calls attention the fact that poisonous distilled water may 
lose its poisonous properties (if due copper) long boiling, and especially when 
brought into contact with sulphur, carbon, manganic oxide, cotton wool, silk, 
and other substances. The effect very probably again due the precipitation 
the colloidal copper. 
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water days, but when this same liter water was divided 
into two parts and 3-gm. blue-gill placed each part, both 
fishes were normal the end month. Table IV. given 
summary number experiments performed with blue-gills 
once-distilled water. 

TABLE IV. 


SHOWING THE RESISTANCE SMALL BLUE-GILLS GRAMS) DISTILLED 


Conditions Expt. Fish Placed in, Resistance Fishes. 
Freshly distilled water................ Normal after days; expt. discont. 
Boiled distilled water................. Normal after days; expt. discont. 
Distilled water plus make 

again. 


Table IV. shows that the once-distilled water not greatly 
all toxic the blue-gills, but experiment shows that these 
fishes cannot live the water slightly alkaline. This 
same distilled water rapidly toxic the crappies and sun- 
fishes, however, was shown experiment already described 
and those which follow. This lack resistance the sun- 
fishes particular complete reversal the ordinary specific 
resistance these fishes compared with the blue-gills, for 
carbon monoxide, ethylene, sulphur dioxide, etc., the sun- 
fishes are much more resistant than are the blue-gills. 

January 30, liter water (once-distilled) was made 
.00005 acid with and another liter left came from 
the 8-gram crappie was placed each jar. The 
fish the pure distilled water was dead hrs. while the one 
the distilled water made acid, lived for hrs. Several other 
experiments this sort gave similar results, showing that the 
crappies cannot live the neutral distilled water when 
pure, well they can when made slightly acid. 
very probable that sightly higher concentrations acid than 
those used would have prolonged the lives these fishes even 
more successfully than the but the stock fishes 


was running low, these experiments were reserved for another 
time. 
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experiment with small bullheads very interesting. 
Normally the bullheads are perhaps the most resistant fresh- 
water fishes known. the reaction experiments they selected 
rather low concentration hydrogen ion but were decidedly 
the acid side neutrality. the pure distilled water 
bullhead in. long) lived days; another distilled water 
made acid, lived for days. 

(2) Resistance Doubly Distilled water was less 
toxic the crappies than was the once distilled water, 
contained less colloidal copper. has been pointed out that 
the toxicity the once-distilled water was lessened the 
addition acid, partly because the acid precipitated the col- 
loidal copper. The experiments indicate further, however, that 
the neutrality the water must reckoned with also. This 
again brought out, and more definitely, few experiments 
with the twice-distilled water. quantity this water was 
placed large bottle and solution barium hydroxid was 
suspended over it. the end week the water was practically 
neutral. Two portions were taken 500 c.c. Erlenmeyer 
flasks and small bullhead (2.5 in.) placed each. One portion 
was left neutral and the other made slightly acid with 
The fish the neutral water lived days and the one the 
acid water days. few other experiments were performed 
with the twice-distilled water and all gave similar results. The 
stock fishes was about exhausted, however, and further ex- 
periments were delayed until another time. 


GENERAL DISCUSSION. 


The fact that natural bodies water the chemical reaction 
the water may vary from alkalinity through neutrality 
acidity the reverse, makes the practical importance knowl- 
edge the reactions and resistance fishes and other organisms 
such chemical conditions obvious one. From the experi- 
ments and discussion which have gone before, clear that 
water which gives alkaline reaction phenolphthalein for 
any length time during the year, undesirable home 
for most fresh-water fishes. the other hand, marine fishes 
(Shelford and Powers, with the exception the anadro- 
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mous species, probably would not survive water which was 
even faintly acid. Since alge and other phytoplankton forms 
(Birge and Juday, and may cause body water be- 
come partially wholly alkaline, through their ability dis- 
sociate the bicarbonates, vegetation fish waters assumes 
line importance heretofore little considered. The effects 
sewage upon the acidity alkalinity natural bodies 
water must also reconsidered the light its possible in- 
jurious beneficial effects due its chemical reaction. Thus 
large number interesting and important questions suggest 
themselves. 

The effect the chemical reaction the water upon the 
distribution organisms promises much room for investigation. 
There doubt but that fishes recognize the difference be- 
tween very faintly acid very faintly alkaline, and neutral 
water. work upon the mechanism which 
maintains constant proportion and ions the blood 
animals, suggests the physiological reason for this extreme 
sensitiveness the fishes. clear that even very small 
variations the proportions these two the blood 
the organism, are grave importance, and find the blood 
combination gases and salts that makes such variations 
impossible long the animalis normal. The blood will main- 
tain its normal chemical reaction (just the alkaline side 
neutrality) the face relatively large changes the environ- 
ment, yet know that the mechanism breaks down when the 
change either too great too long continued (acclimatization 
not considered this time). The hyper-sensitiveness the 
animals the chemical reaction the water, the case aqua- 
tic organisms, another important factor preserving the 
normal reaction the blood, the reactions the organisms 
work way that causes them turn back from concentrations 
ion that would detrimental. The delicacy and 
accuracy these reactions are evidenced the reaction ex- 
periments which have been discussed the preceding pages. 

The physiological effect the acid, neutral, and alkaline 
water upon the organism very probably has with decrease 
increase the permeability the exposed tissue cells (es- 
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pecially gills case fishes). Osterhout has shown that 
plant cells alkalies increase the permeability death; 
acids however first produce rapid decrease permeability, 
followed later increase which continues death. The 
concentrations acid used Osterhout were .oo1 
Very low concentrations such those used the experiments 
discussed here would very likely maintain permanent decrease 
the permeability the cells, and the concentrations acid 
which the fresh-water fishes normally live, may thus protect 
the fishes decreasing the permeability their gills and pre- 
serving the normal reaction the blood. Alkaline water, 
the other hand, does not this for fresh-water fishes, and they 
soon succumb it. The results Shelford and Powers 
indicate that the action alkaline water upon marine fishes 
produce normal permeability the membranes and may 
that acid water would kill these fishes decreasing the per- 
meability below normal. 

The effect neutrality upon the permeability tissues has 
not been worked out, far aware, but since fresh-water 
fishes, and probably marine fishes also, are negative neutral 
water, must that such water exerts marked effect upon 
the permeability, some other physiological condition, the 
gill membranes. The negativeness organisms neutral 
water indicates that they are either over-stimulated such 
water, under-stimulation sets internal disturbances. Thus 
they may avoid because its non-stimulating character. 
may well that neutral water, the normal chemical reactions 
not on, for acidity and alkalinity surpass all other con- 
ditions, even temperature and concentration reacting sub- 
stance, their influence upon many chemical processes. 
all the catalytic agents, and ions are far the most im- 
portant, and their influence upon the stability colloidal 
systems they are unapproached other substances (Henderson, 

Birge and Juday and attempt explain the vertical 
distribution the plankton the lakes Wisconsin and New 
York, upon the basis relation oxygen and food. This 
attempt has, seems me, met with little success, and they 
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themselves point out many contradictions. According their 
idea, the plankton forms must many instances reacting 
positively concentrations oxygen which are small 
per liter, even less. This supposition contrary 
all the experimental evidence regarding the reactions aérobic 
fresh-water organisms this gas. attempt correlate 
the distribution the with the chemical reaction 
the water, have gone over Birge and Juday’s tables and 
figures, and have come the conclusion that such correlation 
exists. data indicate practically all the lakes (in 
the summer condition) point some depth below the surface 
the lake, where the organisms are more numerous than 
any other depth. many cases this rise proportionately 
very high and usually small amplitude. Thus the large 
number forms occurs rather limited region vertically. 
After the rise, there marked diminution the number 
forms and then again little greater depth there another 
increase, smaller than the first, but still very noticeable their 
curves. This increase followed second diminution. 
The first diminution usually occurs near the thermocline 
where the temperature often shows very sudden lowering. 
The oxygen supply sometimes falls off here also, but not always, 
and the lakes which refer particularly, the oxygen supply 
practically the same all depths. very important fact, 
however, that the water the region the thermocline, 
the region smallest numbers plankton, often neutral 
very nearly (summer condition). Above this region the 
water alkaline, and below acid. From the data given 
Birge and Juday’s Tables XVIII. and XIX. pp. 
have compiled the following table (Table IV.) show the re- 
lation the this neutral region. Birge and 
Juday’s Table XVIII. record temperatures and gas con- 
tents the different depths; Table XIX. analysis the 
plankton catches made ten lakes. The records for given 
lake were all madeon thesameday. Table XVIII. gives titration 
records which show that three the lakes definite depth, 
the water was neutral. Table XIX. gives the plankton col- 
lections different depths these three lakes, the same 
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day. Table IV. inserted below, made from combination 
the data found the two tables; most the data Table 
IV. refer the three lakes question. the instance 
Triarthra, however, the data come from two other lakes, this 


form does not occur the three lakes from which the other 
data are taken. 


TABLE IV. 


SHOWING THE RELATION ZOOPLANKTON NEUTRALITY. 

The table compiled from Birge and Tables XVIII and XIX, 
Most the data are taken from their records for the three lakes, Canandaigua, 
Seneca, and Skaneateles. these lakes the neutral depth was accurately located 
titration samples. The titrations and plankton collections were made 
the same say. The the rotifer triarthra are taken from lakes Hemlock 
and Keuka these are the only lakes which this form occurs the records. 


n.c. collection this degree acidity alkalinity. The figures the 


Alkalinity per Liter Acidity C.c. CO, per 


Pleosoma (R) 
Vorticella (P) 
Asplanchna (R) 


Dinobryon (P) 
Diaphanosoma (C)... 

Nauplei 28,050| 
Diaptomus (Co) 2,220 
Conochilus (R) 290 


Anuroea (P).. 200 
Daphnia (C) 650 130 
Ceratium (P) 52,330 85,160| 2,025 


Letters parenthesis after name animal indicate the following. 
Rotifer; (P) Protozoan; (C) Cladoceran; (Co) Copepod. 


Table IV. shows (1) that all the forms are more 
numerous either the acid the alkaline side neutrality, 
than they are neutrality itself, they are negative neu- 
trality; (2) some forms Pleosoma and Vorticella, are found 
only the alkaline water; (3) others range between slight alka- 
linity and slight acidity but are never very numerous neu- 
trality and often (Daphnia, Ceratium, etc.) show increase 


either side; (4) few forms occur wholly the 
acid side neutrality. 


q 
columns indicate the number forms per cubic meter water. 
3-2. | 57-25. | | +I=1,5. 
205 
1,440 390 100 
(R) 
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The factors that regulate the distribution the plankton 
the lakes are undoubtedly numerous. The only certain way 
determine them investigate experimentally the reactions 
the animals the factors concerned, both singly and com- 
bination. this would tedious but not especially diffi- 
cult. index the distribution these forms, believe 
that the presence and position neutral layer water will 
found important. 

Besides the experimental data presented the papers 
Birge and Juday, the literature contains much other experimental 
evidence which bears directly upon the question the toxicity 
neutrality organisms. Much this evidence found 
connection with experiments upon the toxic effects distilled 
water, and the action salts antagonizing this toxicity. Ina 
series papers published Ringer and his students between 
the years 1883 and 1893 the question the toxicity distilled 
water was investigated and its reality apparently demonstrated. 
was also shown that various salts are effective neutralizing 
this toxicity, some being much more efficacious than others. 
1893 Naegeli showed that for (Spirogyra) least, 
the toxicity distilled water was due contamination 
the copper stills which was prepared. Locke con- 
firmed Naegeli’s results showing the effect upon certain 
fresh-water animals due also the minute amounts 
copper present, and Ringer again taking the subject 
reversed his former conclusions and confirmed those Locke. 
Jennings found that Paramecia live for weeks distilled 
water. Moore says that young trout and tadpoles (unfed) 
live long distilled tap water, several weeks. 
Lillie says that Planaria maculata will live distilled water. 
Pure distilled water seemed then not toxic fresh-water 
animals though apparently toxic most marine animals. Fun- 
dulus eggs seem exception among marine animals 
(Loeb, they can live distilled water for weeks and 
still produce normal embryos. 1903 Bullot after testing the 
effects distilled water upon the fresh-water amphipod, 
Gammarus concluded that pure distilled water was toxic this 
crustacean. Bullot’s experiments were performed with great 
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care; considered and seemed have eliminated the following 
possible toxic factors: copper, impurities from the glass, low 
oxygen, ammonia, and carbon dioxide. found also that 
NaCl small concentrations would neutralize the toxicity 
the pure water such extent that the animals lived almost 
fresh water. The toxicity pure distilled water, concluded, 
due the lack salts solution. Peters 1908 performed 
some very careful experiments test the effect pure distilled 
water upon protozoa. came the conclusion that distilled 
water which contains salts, and which changed often enough 
prevent their accumulation from the metabolism the ani- 
mals, rapidly toxic these forms. 

have gone over the above papers and have found many 
statements which indicate that the presence certain con- 
centration hydrogen ion, was beneficial the animals ex- 
perimented upon. For instance, Ringer states that the 
distilled water which used killed minnows, average, 
4.5 hours. also says that the distilled water was very 
faintly acid; faint was the acidity that did not rely upon 
his own judgment but had others make the test also. However, 
says, prove that the acidity was not the cause the death 
the minnows, took three liters water and one added 
drops per cent. acetic acid, the next drops and 
the third drops. then placed three minnows each liter 
.of acid solution. After hours, the minnows were 
and concluded, therefore, that the acidity could 
not have been harmful the case the distilled water. This 
conclusion Ringer’s illustrates the attitude taken most 
authors with regard the presence acid the water, that is, 
the acid looked upon detrimental factor, considered 
negatively. far have been able read, the authors 
quoted above have taken little consideration the possibility 
essential the welfare animals. 

This Ringer does not suggest, even though the minnows 
the acid water were well the way live long any the 
animals kept salt solutions. this same paper, Ringer notes 
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that when put large number fishes (up maximum) 
into given volume distilled water, they lived longer than 
one two fishes placed the same volume water. at- 
tributes this the excretion the fishes inorganic salts, 
and does not take into consideration the carbon dioxide factor 
which would have increased the acidity the water many 
times that the almost neutral distilled water. Again, 
speaking the salts which are best for preserving life distilled 
water, Ringer states that the calcium salts are better than those 
sodium and potassium, that CaSo, better than 
and that the phosphate lime much superior 
all the other salts. This latter salt, states, decidedly acid, 
and says interesting observe that though the 
circulating fluid with phosphate lime gives slight acid reaction 
delicate blue litmus paper will sustain contractility 
muscle for Thus small hydrogen ion concentration 
seems beneficial, not essential, the continued life and 
activity the organisms and tissues question. 

The question the existence carbon dioxide optimum 
for animals has received considerable investigation with varying 
results. Ringer 1893 investigated the influence carbonic 
acid upon the frog’s heart and concluded that free saline 
solution arrests cardiac contractility. does not state what 
concentrations were used, but since speaks passing 
carbonic acid through the solution some his solutions 
were probably very acid. few experiments neutralized 
the slightly acid distilled water which was used make the 
saline solutions, with NaOH, and noted that this neutral 
solution, the contractions the heart very soon became ab- 
normal. Jerusalem and Starling review the literature 
regarding the importance carbon dioxide for the ordinary 
functions the body, and report series experiments 
determine its influence upon the beat the heart the frog, 
tortoise and mammal (cat). They conclude that the CO, tension 
the blood must maintained certain height, the pump- 
ing action the heart normally carried out. their 
review the literature they point out that their conclusions 
are accord with those Miescher, Haldane, Mosso, Hender- 
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son, and Bottazzi (see pp. The lowest concentration 
which Jerusalem and Starling used was per cent. atmos- 
phere about c.c. per liter. Their highest ran 
200 c.c. per liter. Hooker tested the effect carbon 
dioxide upon muscular tone and, opposition Jerusalem and 
Starling, concluded that this gas does not appear directly 
beneficial tissues, except case intestinal muscle rhythm. 
thinks may indirectly beneficial. Like most other 
workers upon this problem, Hooker used very high concentra- 
tions the gas. His concentrations varied from per cent. 
per cent. the gas, the atmosphere which the solution 
bathing the tissue was exposed. Water will dissolve nearly 
its own volume and thus the concentration carbonic 
acid varied from 200 c.c. per liter. The smallest 
concentration used would kill most fresh-water fishes short 
time. 

Reuss worked upon the effect upon the respira- 
tion fishes and concluded that important one. The 
regulation according him through the respiratory center 
and not peripheral Bethe believed. Shelford and 
Allee note the extreme sensitiveness fishes CO, 
gradients, and think the production the gas product 
the metabolism the organism may tend increase its ex- 
ternal effect when the fishes come contact with water con- 
taining it. 

Bullot his work with the fresh-water amphipod (Gam- 
marus) noted, did Ringer the case fishes, that the animals 
lived longer distilled water when number was present 
given volume, other words, when the volume water per 
individual was small. says: “If the amount water 
falls below certain limit, the animals will live the longer, the 
smaller the amount water, provided the quantity does not 
fall below certain Table have collected 
Bullot’s data showing this point. The table shows that the 
relation holds for both redistilled water and water distilled copper 
alone. The length the water from the copper still 
proportionately shorter throughout. 
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SHOWING THE RESISTANCE AMPHIPODS DISTILLED WATER, WHEN EQUAL 
NUMBERS ANIMALS ARE PLACED DIFFERENT VOLUMES WATER, 
WHEN DIFFERENT NUMBERS ANIMALS ARE PLACED EQUAL VOLUMES 
(COMPILED FROM BULLOT, PP. 

Per Cent. Animals Alive After Days. 


Water. 
Redistilled Distilled Copper. 
Same throughout 45% Proportionately 
80% less throughout. 
90% 


Time Required Kill One Half the Animals. 


2.5 days 1.5 days 
1.5 days day 

100 same same. 


the toxicity distilled water, Bullot states that the water which 
used was very faintly acid phenolphthalein, but not enough 
injure the animals. know from the works 
Bert that, for cold-blooded animals like the frog, for instance, 
CO, toxic only when its concentration the air reaches per 
cent. This corresponds solution per cent. this gas 
volume, the water dissolves its own volume 
ordinary temperature and normal pressure. This quantity 
350 times larger than the one which could found the dis- 
tilled per cent. solution means 150 c.c. 
per liter water. 1/350 this other words the 
distilled water used Bullot was practically neutral, since the 
amount hydrogen ion obtained from small quantity 
little ionized acid carbonic acid, would almost 
negligible. the gradient experiments cited this paper, 
have shown that certain fishes are negative small con- 
centration c.c. per liter, preference for slightly 
higher concentrations. have further shown that these fishes 
not live well distilled water that practically neutral, 
they the same water made slightly acid. 
Thus the existence hydrogen ion concentration optimum 
for these forms seems clearly demonstrated. 


| 
q 
| 
| 


REACTION AND RESISTANCE FISHES. 253 


Peters makes mention the possibility the neu- 
trality the distilled water which used, having something 
with its toxicity, yet previous paper recognizes 
the importance the presence certain concentration 
hydrogen ion for the existence certain protozoa hay in- 
fusions. page 346, says: data obtained indicate 
that, the chemical conditions, the concentration acid 
one the chief factors determining the biological content and 
history 

From the data and discussion that have gone before, seems 
certain that the chemical reaction the water factor 
marked importance the life history fresh-water animals. 
Some fresh-water forms are apparently positive alkalinity 
seen the fresh-water lakes (Birge and Juday, cit.) and 
others, that normally live water that acid with CO, are not 
killed living alkaline water (isopods). the other hand, 
many forms, and probably most the fresh-water fishes belong 
here, are always found acid water such available, and 
these forms cannot live normally neutral alkaline water. 
Shelford and Powers have shown that marine fishes select 
the alkaline side neutrality gradient, and this dif- 
ference the behavior the fishes, lies key the fundamental 
physiological difference the organisms these two habitats. 
Fresh-water fishes must live the presence excess hy- 
drogen ion their life processes are carried normal 
fashion. Shelford states that the carbon dioxide content 
the water over the breeding grounds fresh-water fishes 
should not average more than c.c. per liter, nor exceed c.c. 
during the summer months. This statement probably wrong 
limiting the average c.c. per liter for some fishes, the 
green spotted sunfish and the crappies are negative this 
small concentration CO, showing preference for slightly 
higher concentrations. Blue-gills, the other hand, select 
degree acidity that very little above neutrality. The CO, 
concentration selected fishes probably varies with the season, 
and certainly with the salt content the water which they 
live. The variations the optimum salt concentration 
will discussed the second paper the series. 
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One thing clear; the chemical reaction the water should 
known with accuracy, all experiments with salts and gases 
solution. recognition this fact will help clear some 
the many contradictory results which have been obtained 
various workers. seems demonstrated beyond doubt 
that the toxicity distilled water part due the absence 
scarcity inorganic salts, but also evident that the 
neutrality such water may important factor its 
toxicity. 

VI. GENERAL CONCLUSIONS. 

The chemical reaction the water important factor 
the reactions and resistance organisms. 

Fresh-water fishes select slight acidity gradient, when 
the other choices are neutrality and alkalinity. They choose 
slight alkalinity preference neutrality. 

The optimum for the different species fishes ex- 
perimented upon, varies from very close neutrality for the 
blue-gill, c.c. per liter for the sunfishes and crappies. This 
for the November January condition. other seasons 
and other waters, the optimum probably varies somewhat. 
The optimum acid concentration for fresh-water fishes dis- 

The distribution the plankton the lakes Wisconsin 
and New York (Birge and Juday, and shows very in- 
teresting correlation with the chemical reaction the water. 
There are fewer animals neutrality than the slightly alkaline 
and slightly acid water just above and below the neutral layer. 
Thus the forms are negative neutrality. 

The neutrality distilled water factor considered 
its toxicity. 
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PROCESS TEMPORARY CHAIN FORMATION 


WALDO SHUMWAY. 


May this year, while studying the protozoan fauna 
small pond the New York Botanical Gardens, the writer 
observed what appeared chain four holophrya-like 
ciliates. careful search the culture made during the fol- 
lowing two weeks revealed about dozen more such chains before 
the species disappeared. During this time the writer attempted 
obtain pure culture these interesting forms, with idea 
studying the nuclear changes involved. Although these 
attempts were all, ultimately, unsuccessful, has seemed best 
put record what few facts have been observed. The 
data here given has been obtained from the study the living 
material and some few preparations both toto and sectioned. 

The following stages the formation these chains have 
been observed; single individuals, two-cell chains and four-cell 
chains. chains three more than four cells have been 
observed among the large number (over one hundred and fifty) 
observed. 

The solitary individual exceedingly large (circa 300 
micra) ovoid holotrichous ciliate, densely pigmented 
with large alveoli, some alloplasmic substance which stains 
deeply with nuclear dyes. The color dark brown black 
with transmitted light and light brown white with reflected 
light. The mouth anterior and lateral with rows cilia which 
simulate two undulating membranes. There large lateral 
contracting vacuole. The cortical layer contains trichocysts. 
The macronucleus large and oval, the micronuclei have not 
been observed material. The form active swimmer 
the surface film large culture, but when isolated Syra- 
cuse watch glasses sinks the bottom and encysts. Details 
this process are given below. 

cases where the individual neither dies nor encysts after 


the Laboratory, Columbia University. 


258 


— 
q 
q 
q 
7 


CHAIN FORMATION 259 


isolation, becomes transformed clearing the pigment, 
lengthening and flattening the general shape the body until 
resembles the well-known species Frontonia leucas. this 
species, therefore, have assigned material, although 
not positive whether what have observed new stage the 
life-cycle Frontonia leucas new species. 

The process chain formation inaugurated the formation 
large transparent cyst through the exudation some gelati- 
nous material which the surrounding becomes en- 
tangled large quantities. Within this cyst the individual 
slowly rotates, all the cilia beating and the contractile vacuole 
pulsating regularly. one individual followed under the mic- 
roscope single transverse division occured about forty-five 
minutes after the beginning encystment, and half hour 
from its completion. Nine hours after, the daughter cells were 
dead, still connected and inside the cyst wall. 


Fic. Chain four cells, Frontonia leucas. 200 Outline drawn with 
camera from preparation fixed with sublimate-acetic and stained with picro- 
carmine. Details restored from free-hand drawings living material. 


Another encysted individual which had been isolated 
the same time but which unfortunately had not been followed 
under the microscope had formed chain four cells. The 
writer has different times observed these cysts, single, 
double, and quadruple forms, well cysts containing two 
four separate cells. One chain four individuals was removed 
from its cyst for observation: swam about for time resembling 
animated chain beads, but finally broke into its four 
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constituent parts, which shortly assumed the typical Fron- 
tonia leucas appearance. 

While the writer has not actually observed the process 
transformation from the two-cell the four-cell stage assumed 
above, feels convinced from the facts cited well from 
sectioned material which the macronuclei the two anterior 
and the two posterior cells seem have just undergone division, 
that these chains are formed two successive transverse divis- 
sions without separation the daughter cells and not single 
quadrupartite three successive terminal divisions 
might argued from priori grounds. 

Division preceded encystment not unknown among 
the free-swimming ciliates. Otostoma carteri and Amphilep- 
tus meleagris according Saville-Kent the divisions are some- 
times multiple, but the daughter cells separate immediately 
after each division. 

Chain formation too not unknown among the ciliates, 
although heretofore has been observed only among the asto- 
matous forms parasitic the digestive tracts vertebrates. 
these parasites, however, the chains are often great length 
and are formed, the weight evidence appears, process 
terminal budding. For excellent discussion these forms 
see Cépéde (1910). 

Jennings records strain Paramecia appearing 
his cultures which had apparently lost the power separation 
after division. The general appearance and weak vitality 
these forms, however point the conclusion that Jennings was 
dealing with weakened pathological race and not genetic 
mutation. 

The frequency with which these chains appeared, nearly 
ten per cent. all the Frontonia observed, leads the writer 
conclude that the phenomena described this paper form 
part normal method reproduction. 

have made attempts raise these forms hay infusion, 
rotten lettuce infusion (recommended Popoff, thyroid 
extract and the filtered water the medium which they 
were discovered. All were unsuccessful. have been unable 
maintain isolated individuals Syracuse glasses their 
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normal medium longer than two days. For this reason 
unable give fuller account the process under discussion 
nor carry out the experimental work suggested it. The case 


however appears unique instance normal temporary 
chain formation among the free-living ciliates. 
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SPERMATOGENESIS 


MARY HARMAN. 


Wilson has said that consequence the genetic 
continuity cells division, and the germ cells form the 
vehicle transmission from one generation 

this true should look the structure the germ-cells 
explanation the phenomena that have been and are 
being found out heredity. Cytologists have discovered much 
concerning the structure the germ-cells and the behavior 
the chromosomes during the processes maturation and division. 
The combined knowledge sex and sex ratio, and the cytologi- 
cal constitution germ-cells has shown many forms, least, 
correlation between the inheritance sex and the dimorphism 
spermatozoa eggs, both. However, the vast amount 
cytological work has been done with forms the behavior 
whose characteristics heredity unknown. the other 
hand, much the work heredity has been done with forms 
which little nothing known the structure the germ- 
cells. the writer’s good fortune have access material 
which some the ancestry known for eighteen generations, 
covering period five years. 

For number years Dr. has been conducting 
experiments with regard inheritance Paratettix, genus 
the short-horned grasshoppers. The characteristics used 
his investigations are the color patterns the pronotum and 
femora the jumping legs, and the lengths the pronotum and 
wings. The data show that the inheritance the color patterns 
Mendelian its behavior. the hybrid part the 
color pattern one parent species ever replaced the color 
pattern the other parent, but the color patterns both parents 
are present. Reciprocal crosses give identical results. The 

from the Laboratory, Kansas State Agricultural 
College, No. 


The writer wishes thank Dr. Nabours for the grasshoppers which 
have furnished the material for this paper. 
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lengths the wings and pronotum are not inherited but are 
closely correlated with the length time required for the animal 
reach ‘maturity. These grasshoppers have furnished the 
material for the present paper. 

The work the cytological constitution the germ-cells 
Paratettix has been undertaken for the purpose discovering 
whether not the microscope will reveal any differences 
the germ-cells very closely related forms which may corre- 
lated with the differences the color pattern. The spermato- 
genesis only one form leuconotus-leucothorax) 
given here. leuconotus-leucothorax hybrid, 
obtained crossing leuconotus with leucothorax (or 
the interbreeding two hybrids, one being hybrid leuconotus 
with some other form and the other hybrid 
with some other form). attempt has been made show any 
relation between the structure the germ-cells and the somatic 
structures. This will discussed later paper. 

The chromosomal complex the spermatogonia Para- 
leuconotus-leucothorax consists thirteen rod-shaped 
bodies which may divided into two groups—one group con- 
sisting four larger chromosomes and the other nine smaller 
ones. Neither the larger nor the smaller chromosomes form 
equal sized pairs Sutton has found Brachystola magna and 
which frequently described for the Hemiptera and ap- 
parently characteristic all Diptera. All the large chromo- 
somes and one the small ones are bent rods slightly 
shaped, but the other eight are almost straight. one 
these chromosomes has been surely identified the accessory. 
However, the early prophases there always present mass 
chromatin which has more compact consistency and stains 
more intensely than the remainder the chromatin (A, Fig. 1). 
This mass has not been identified with any chromosome nor 
associated with vesicle described Carothers for Arphia 
simplex. There appears difference the staining 
capacity nor the compactness the chromosomes the late 
prophases (Fig. 2). 

The spermatogonial spindle long and slender, and has fine 
but distinct fibers which converge the poles. The centrosome 
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which very distinctly visible the metaphase stage small 
and spherical. stains almost intensely the chromosomes. 
The astral rays are short and indistinct. The chromosomes are 
right angles the spindle fibers the metaphase stage 
(Fig. 7). metaphase plate always shows one chromosome 
nearer the center the spindle than any other chromosome. 
Sometimes completely surrounded the others (Figs. and 
and sometimes merely one end the center the spindle 
(Figs. and 5). This chromosome always one the larger 
the group smaller ones but never the bent one. Few 
anaphase and telophaase stages have been observed. Fig. 
shows anaphase with rather indistinct spindle fibers, which 
characteristic all the anaphase stages observed. The cen- 
trosome, which shows distinctly the metaphase stage (Fig. 7), 
now invisible. The chromasomes are longer right angles 
the spindle fibers but are nearly parallel with them. 

Fig. illustrates the condition the cell the beginning 
the growth period. The nucleus large and comparatively 
clear. Some the chromatin finely reticular condition 
and stains faintly with However, mass 
the chromatin retains the compact consistency and the density 
stain the chromosomes (A, Fig.9). has rounded form 
like nucleolus. The boundary between the nucleus and the 
cytoplasm quite evident. The nucleus continues increase 
size and the reticular chromatin, which now has greater 
staining capacity, forms thread threads having woolly 
appearance. There polarization the loops the spireme 
but they occupy almost all the space the nucleus and form 
irregular tangled mass. The nucleolus remains one side 
the nucleus and does not have the woolly appearance that 
the spireme has (Fig. 10). 

the synezesis contraction stage, the spireme seems 
shrink away from the nuclear wall, leaving clear space between 
the cytoplasm and the chromatin material. There little 
difference between the character the chromatin and its 
staining capacity this stage and the preceding one. The 
compact mass chromatin never loses its identity and always 
remains one side the nucleus (Fig. 11). The boundary 
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the nucleus soon becomes irregular, and the chromosomes 
the primary spermatocyte formed breaking the 
spireme thread into segments. The compact intensely staining 
mass which has been traced through the growth period shown 
Fig. chromosome which differs shape from the 
other chromosomes. ovoid and without constriction 
the middle, while all the other chromosomes are dumb-bell 
shaped. Not all the chromosomes are formed the same 
time. The chromatin retains its loose woolly appearance until 
after has broken into parts, then gradually becomes 
more compact, takes the stain more readily and each part assumes 
the characteristic dumb-bell shape. While this taking place 
the boundary between the nucleus and the cytoplasm becomes 
more irregular and the time the chromosomes are completely 
formed the cytoplasm has formed vesicle around each them 
(Figs. and 14). 

The chromosomal complex the primary spermatocyte con- 
sists six dumb-bell shaped chromosomes and one ovoid chro- 
mosome. the six dumb-bell chromosomes two are decidedly 
larger than the others and one these much larger than the 
other one, shown Figs. inclusive. The ovoid 
accessory chromosome never among the other chromosomes 
but always lies near the periphery the nucleus did the 
growth period. When the chromosomes have become arranged 
the spindle the dumb-bell chromosomes are well toward 
the center the spindle, while the accessory always near the 
periphery. does not remain long the metaphase plate 
but soon passes toward one pole undivided much advance 
the other chromosomes. For this reason many sections 
metaphase plates show only six chromosomes which 
show seven are often cut obliquely. Not all the chromosomes 
the primary spermatocyte divide synchronously. Fig. 
shows five the dumb-bell chromosomes divided while the 
largest one shows little constriction. This division transverse 
shown Figs. and There are loops, rings, 
U’s which would give the least indication longitudinal 
division. the metaphase early anaphases the centrosome 
small spherical body and takes the stain readily. The 
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spindle fibers are fine but distinct. The astral rays are similar 
those the spermatogonial divisions. the late anaphases 
the centrosome longer visible and the spindle fibers are 
indistinct. There seems resting stage between the 
first maturation division and the second maturation division. 

The chromosomes the second spermatocyte are ovoid. 
Metaphase plates show six and seven chromosomes (Figs. 
and 24. The accessory cannot always distinguished from 
the other chromosomes. either the second the third 
largest. divides this division and passes the poles 
advance the others (Fig. the late anaphases all 
the chromosomes have coalesced, although the number may yet 
distinguished (Fig. 26). the time the chromosomes have 
reached the poles they form diffuse mass chromatin 
each pole, and the cell has begun constrict the middle. 

The centrosome which similar the centrosome the 
primary spermatocyte has disappeared. The spindle fibers have 
become indistinct. the constriction the cell completed 
the chromatin has migrated the center each daughter cell. 

the changing the spermatid into the spermatozoén two 
things are conspicuous from the beginning, the changes the 
character the chromatin and the elongation the cell body. 
From the diffuse irregular mass there formed ovate body 
with the chromatin coarsely reticular condition largely 
around the periphery it. The cell becomes elongate and larger 
one end than the other. The cytoplasm has changed from 
the tangled network fibrillar strands granules extending 
longitudinally across the cell. The cell wall quite distinct. 
This condition illustrated Fig. 29. The spermatid continues 
elongate. The nucleus becomes spherical and remains 
one end the spermatid. The more granular cytoplasm lies 
toward the periphery the tail-like elongation. There 
portion the cytoplasm extending from the nucleus through 
the center the tail which more finely granular than the 
remainder and takes the stain less readily. Part the chromatin 
has become massed together, forming sphere situated the 
side the nucleus near the end the lightly staining area 
the tail. The greater part the remaining chromatin dis- 
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tributed around the periphery the nucleus (Fig. 30). 
the tail becomes longer becomes thinner and filament extends 
from the nodule the head through the entire length the 
tail. Very little cytoplasm now surrounds the head (Fig. 31). 
Finally the head becomes arrow shaped and stains very intensely. 
The tail long and filamentous and stains little less intensely 
than the head. The head and portion the tail are illustrated 
Fig. 32. The tail more than four times long shown 
the figure. 

McClung says: “It seems very evident that the 
spermatogonia the Acrididz are dealing with chromo- 
some complex very definite and precise organization which, 
the great majority, presents itself without essential variation 
number, size and form, fiber attachment, arrangement the 
metaphase and, behavior during division its elements. Steno- 
bothrus and Pamphagus seem definite exceptions some 

“With the exception the Stenobothrus-like species, and 
Pamphagus, the students the have reported reduc- 
tion the spermatogonial chromosomes 12.” 

All the genera the family Acrididz discussed McClung’s 
paper belong the three subfamilies, 
and and none belong the subfamily 
would seem that with the general agreement the great 
numbers genera this family which and his students have 
studied well those other independent workers that 
would justified making the general statements concerning 
the family. However, Paratettix leuconotus-leucothorax the 
subfamily Tettigine, show some exceptions. The spermato- 
gonial number chromosomes are thirteen instead twenty- 
three. The number chromosomes the primary spermato- 
cyte seven. This the writer has found true also for 
both the parent forms the hybrid well for others belonging 
the genus Paratettix. 

writer aware the fact that there has been much shifting about 
names the short-horned grasshoppers and that some taxonomists consider the 
the grouse locusts family value. this should the position which McClung 
takes, then would not consider Paratettix belonging the family Acridide 


and would follow that the observations recorded this paper would not excep- 
tions his statements concerning Acridide. 
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Robertson says: “In the Tettigide sub- 
family the short-horned grasshopper family have 
found for all the specimens least four different genera which 
have examined the number chromosomes uniformly 

From the above data one would scarcely justified saying 
that the characteristic number spermatogonial chromosomes 
the subfamily thirteen but the writer feels justified 
saying that this essential variation the number 
chromosomes given the above quotation from McClung 
the number characteristic for the family The writer 
has found indication multiple chromosomes. 

the prophase tetrad six the chromosomes are always 
dumb-bell-shaped and one ovoid. There are none the irregu- 
lar shaped chromosomes described McClung and in- 
dications the annular chromosomes which says “that 
practically without exception every investigator recent years 
who has made careful study the maturation stages the 
Orthoptera has seen and the dumb-bell-shaped 
chromosomes are similar his I-shaped chromosomes they 
differ that they not have enlargement the middle, 
but rather they have the appearance constriction. This 
constriction not due the initiation the division, for 
present before the chromosomes are arranged the spindle; 
fact, they have their characteristic shape before the spindle 
visible. 

The presence mass chromatin in. the resting stage 
the spermatogonial divisions which different form and 
different staining capacity and also the presence similar mass 
the growth period, which can identified the accessory 
chromosome the spermatocyte, gives added evidence for the 
continuity chromosomes definite entities. 

The Paratettix leuconotus-leucothorax very 
different from the Paratettix cuculatus 
described Hancock. describes and figures the head 
cuculatus being small, thin, and acutely pointed. fact, 
from his figure one would think that the head very little thicker 
than the tail. says that the middle piece formed into 
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high, rather short, protoplasmic keel. keel has been observed 
forming part the middle piece leuconotus-leucothorax. 
The head many times thicker then the tail and decidedly 
arrow shaped. The middle piece seems continue from the 


head the long filamentous tail without definite dividing line 
between them. 


SUMMARY. 


Paratettix leuconotus-leucothorax has thirteen spermatogo- 
nial rod-shaped chromosomes, four larger and nine smaller ones. 

Neither the larger nor the smaller chromosomes form equal 
sized pairs. 

The four larger chromosomes and one the smaller ones: 
are bent rods, the others are almost straight. 

Neither spermatogonial chromosome has been surely 
identified the accessory chromosome. 

the growth period mass chromatin which more 
compact and stains more intensely than the remainder the 
chromatin. This the accessory chromosome the first 
spermatocyte. 

The first spermatocyte chromosomes are formed vesicles. 

There are six dumb-bell-shaped bivalent chromosomes 
and one ovoid univalent chromosome the primary spermato- 
cyte. 

The accessory near the periphery the nucleus and 
passes one pole undivided slightly advance the other 
chromosomes the first spermatocyte division. 

The bivalent chromosomes divide crosswise. 

10. The accessory chromosome divides the second division. 


11. The has arrow-shaped head and long 
filamentous tail. 
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EXPLANATION PLATES. 


All figures were made table level means Zeiss compensating ocular 
No. and 1.5 mm. objective with the aid camera lucida. The drawings 
were enlarged two diameters and then reduced one third. 


Fic. Early prophase spermatogonial division. mass chromatin 
which does not become reticular but remains more less compact. 

Fic. spermatogonial chromosomes. 

Fics. Metaphase plates spermatogonial chromosomes. 

Fic. Metaphase, lateral view, spermatogonial division showing position 
the chromosomes the spindle. 

Fic. Anaphase spermatogonial division. 

Fic. Beginning the growth period. mass chromatin which does 
not pass into reticular condition and forms the accessory chromosome. 

Fic. 10. Formation chromatin thread. 

Fic. 11. Synizesis. 

Beginning the formation the primary spermatocyte chromosomes. 
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Fic. 13. Primary spermatocyte showing the beginning the 
the vesicles. 

Fic. 14. Primary spermatocyte vesicles. 

Metaphase, lateral view, first spermatocyte division. The 
accessory chromosome the periphery the spindle. 

Fics. AND 19. Metaphase plates first spermatocyte division showing 
seven chromosomes. 

Fic. 18. Metaphase plate first spermatocyte division showing six chromo- 
somes. The accessory chromosome not the metaphase plate. 

Fic. 20. Beginning anaphase first spermatocyte division. 

Fic. Late anaphase first spermatocyte division showing seven chromo- 
somes. 


Fic. 22. Metaphase, lateral view, second spermatocyte division showing 
seven chromosomes. 


Fic. 23. Metaphase plate second spermatocyte division showing seven 
chromosomes. 


Fic. plate second spermatocyte division showing six chromo- 
somes. 
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Fic. 25. Anaphase second spermatocyte division showing seven chromo- 
somes going each pole. 

Fic. 26. Late anaphase second spermatocyte division. 

Fic. second spermatocyte division. 

Fic. 28. Spermatids. 

32. Head and part the tail 
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